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I Hyperon physics

#» An experiment designed for an accurate determination
of hyperon magnetic moments led to unexpected first
discovery of the A polarization in inclusive production.

#» It has opened up a new field of search for transverse
single-spin asymmetries (SSA) in hyperon inclusive
production.

#» Systematic studies of energy dependence, target
dependence for neutral, charged hyperon and
antihyperon production, were undetaken.

» Many new transverse SSA were found. I



G. Bunceet al., Phys. Rev. Lett. 36, 1113 (1976)
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Following ENAL 1976: many new SSA measurements

HYPERON POLARIZATION (SSA) FIRST DISCOVERED in 1976 AT FNAL

in A production. Confirmed at 24 GeV/c at CERN in 1977

04— A T r§1 s
» 3* .
gt AL
0.2} = -
Z | 3 S
2 |
|y
}
S | | “’M%&*ﬁ}
-0.2} | - ; * |
DAl i E%5 4 L iad




Following FNAL 1976: many new SSA measurements

Let us briefly recall the main characteristics of these pratoluced data, which exhibit some
interesting regularities as well as puzzling features:

i) the invariant cross sectioRid® o /dp3 depends, to a good approximation, onlyadp, the
fraction of incident proton momentum carried by then the beam direction (in the center of
mass ¢.m.) system), and4§, the A transverse momentum, and daes depend on the.m.

energy/s.
i) the transverse SSA\% IS negative with respect to the directiofi = pin. X pa.

i) A% is almost energy and target independent for an incidenggmanging from
12 GeV/c on a Tungsen target up 2900 GeV/c at ISR.

iv) for p2 below1 GeV/c or so, the magnitude ol4; is approximately linear ip2., with a
slope increasing with4..

v) for p2 abovel GeV/c, the magnitude ofi}; is independent g2, up to

p% ~ 3.5 GeV/c and approximately linear with?..

We also have data on other hyperon SSA at FNAL energy, whex®bserves, with respecigt
Ag, an effect of opposite sign f&* and same sign f&E—~ and=°. However it seems th

AEN_ doesnot increase with energy, whereasff decreases with energy.




Following ENAL 1976: many new SSA measurements

Finally, the situation of the antihyperon SSA is very puzglsince, on the one hand,
AJ_J}, ~ AENO # 0and A4, ~ AENO = 0, but on the other handiy, ~ A%r and
AST ~ AR

On the theoretical side several dynamical models have lmpoped:

- Semiclassical models ( Lund model, Recombination modeidliBmodel).

They essentially ignore the unpolarized cross section o relate different SSA.

Not very convincing.

- Regge type models essentially for thecase.

Can describe the cross section as weu%% but no possible extension to the other hyperor

Needless to say, all these peculiarities of the data rermdie tinderstood and according to E

"“THEY CONSTITUTE A REAL CHALLENGE FOR THE THEORY. ™



What Isa SSA ?

What is a transverse single-spin asymmetry (SSA)?

Consider thex + b collision with one particle of momenturp’, carrying a transverse spiy:
H
and producing an outgoing hadron with momenté&m The SSA defined as

do(sr) — do(—57)

Arn =
N7 do(s7) + do(—57)

is zero, unless the cross section contains a &&fm 7, where® = (7' x k)

It can be shown that this requires the existence diartity flip andfinal state interactions
which generate a phase difference between the flip and thdlipamplitudes, to avoid
violation of time reversal invariance.

Some exemples
1)- Two-body reactions + b" — a’ + b/
The scattering amplitude reads + f_ o - m. Heref, andf_ are non-flip and flip helicity

amplitudes, respectively. We will considero relevant observabletr /dt = |f+|? + |f—|?

_2Im(fyf7)
and Ay = T

-An # 0onlyif f_ # 0 and has a phase difference with.

- One also has a kinematic constraidtyy = 0 in the forward direction, i.e. fok+ = 0.



What Isa SSA ?

2)- One particle inclusive reactions+ b7 — ¢ + X

It is directly related taMl which denotes the absorptive part of feward amplitude for the elastic
3 — 3reactiona + b+ é — a + b+ €. It has the general expressiofi = H; + Hy o - 7.
Here H; and H2 are non-flip and flip amplitudes, respectively.

We will consider 2 relevant observables:

Ed3 H
7 _ Hi and An = 22
d3p Hy

- An # 0onlyif Hy # 0. According to a NAIVE argument, one should expdgt; = 0, since one is
summing over many different inelastic chann&lswhich should have SSA of random magnitudes &
signs, such that the sum will average to zero.

- Also a kinematic constraind 5y = 0 in the forward direction, i.e. fok = 0.



I Some Famous Spin Symposium

#» lLausanne 1980.
» BNL 1982

#» Marseille 1984
o

Minneapolis 1988



SPIN 80 Lausanne

G. Bunce: Polarization in inclusive production at Brookhaven

32 Years of Challenoina Experimental Phvsics — n. 10/34



SPIN 82 BNL . a great Symposium organlzed by Gerry




I SPIN 82 BNL : a great Symposium organized by Gerry

32 Years of Challenoina Experimental Phvsics — n. 12/34



SPIN 84 Mar sallle

6th International Symposium on
HIGH ENERGY SPIN PHYSICS

Marseille (France)
12-19 September 1984
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I SPIN 84 Marseille: Gerry found a new way to use SPIN !




I SPIN 84 Marseille: Gerry found a new way to use SPIN !




I SPIN 84 Marseille: Gerry found a new way to use SPIN !




I SPIN 88 M inneapol 1S - Summary of the Symposium: Gerry BUNCE




I A milestone for_high energy spin physics

» Penn State 1990
# The RHIC Spin Collaboration (RSC)

#® Polarized protons at RHIC



Penn State 1990
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Following Penn State 1990: the RHIC Spin Collaboration

PARTICLE

Communications

WORLD &=

in Subatomic

Vol. 3, No. 1 {1992) p. 1-44

Polarized protons at RHIC
Novel flavour factories

T non universality

Solar neutrinos: puzzle ?
Test of CPT invariance

POLARIZED PROTONS AT RHIC
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From the RSC to the RHIC spin programme

RHIC Polarized Collider

Absolute Polarimeter (HT jet) RHIC pC Polarimeters
B BRAHMS & PP2PP

PHOBOS

@ <«—— Siberian Snakes
Siberian Snakes

\

Spin Rotators

longitudinal polarizati
(longitudinal polarization) Spin Rotators

Pol. H™ Source (longitudinal polarization)

< Helical Partial Siberian Snake

L "~ AGS pC Polarimeter
Strong AGS Snake

2006: 1 MHz collision rate; P=0.6



I Some interesting AGS results

» EXxclusive reactions near 90°

#® SSA for inclusive 7 production



I AGS Results: Exclusivereactions at large angles

PHYSICAL REVIEW D VOLUME 48, NUMBER | | JANUARY 1994

Comparison of 20 exclusive reactions at laree |



AGS Results: Exclusivereactions at large angles
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I SSA for 7 inclusive production

First discovered at ZGS (12GeV/c) in 1978, confirmed later9a1 at FNAL (200GeV/c)
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I AGS Results




I RHIC spin physics

#® The RHIC polarized pp collider, a unigue facility, has
certainly the required energy for testing, for the first
time, the SPIN SECTOR of pQCD. Several predictions
for spin asymmetries exist at the NLO level and are
waiting for confrontation with future data.

#® Our knowledge on the polarized PDF comes mainly
from DIS (far poorer than for unpolarized PDF), but
obviously hadron colliders can also be used to improve

B



The RHIC spin programme
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Polarimetry.in the RHIC spin programme

A collection in the CNI region
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The gluon polarization in the RHIC spin programme
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The RHIC spin programme
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The RHIC spin programme

Neutron asymmetry x; distribution with neutron trigger & MinBias
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The RHIC spin programme

Reliable calculations of absorptive corrections to spipkindes in single pion exchange are presented
in B.Kopeliovich, I. Potashnikova, I. Schmidt and J. S., h&BpB05.4534 (To appear Phys. Rev. D).
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Thanks Gerry for all this good work

WE WILL MISS YOU TO UNCOVER NEW
CHALLENGING RESULTS

B
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